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MORETHAN30YEARSAFTERITS

introduction,1isoniazidpre-
ventivetherapyforlatenttu-
berculosis (TB) infection is

still a subject of debate, mainly because of
continuingconcernsabouthepatotoxicity.2-5

Thereare,however,goodreasonstorecon-
sider thehepatotoxicityof isoniazidat this
time, with the anticipation that the risk is
less thanbelieved.Thebaseofevidence for
isoniazid hepatotoxicity, including a level
of risk in the rangeof5 to20casesofhepa-
totoxicity expected per 1000 persons re-
ceiving treatment with a 1% to 10% case-
fatality rate, is composed of studies done
more than 20 years ago.6-9 However, the
earlystudiesincludedpatientswhoreceived
a diagnosis of isoniazid hepatotoxicity on
the basis of modest elevations of serum
transaminaseenzymes.Suchpatientswould
probably not be classified as having hepa-
totoxicity in current studies.

Monitoring for the safety of isoniazid
is now done in most patients by a clini-
cal evaluation for symptoms of hepato-
toxicity rather than by screening for liver
enzyme elevations because of the knowl-
edge that up to 10% to 20% of patients
who receive isoniazid experience a tran-
sient and harmless increase in serum
levels of hepatocellular enzymes.10,11

Thus, a current reappraisal of isoniazid
hepatotoxicity could plausibly detect an
apparent lower rate simply because cri-
teria for the diagnosis have changed.

In addition, the consistent finding from
those early studies of an association of
hepatotoxicity with increasing age6-9 led
to the recommendation to limit isonia-
zid preventive therapy in older persons
except for those with an extreme risk of
reactivation of TB.12 Two recent stud-
ies13,14 found that when persons receive
isoniazid preventive therapy in accor-
dance with those current guidelines, the
risk of fatal hepatotoxicity is signifi-
cantly lower than was recorded in pre-
vious studies.

Population-based studies of isonia-
zid hepatotoxicity15-17 have been called
for to assist in answering the ongoing
questions about the safety of isoniazid.
Our study was undertaken to deter-
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Context Isoniazid preventive therapy for latent tuberculosis (TB) infection has been
debated because of the risk of hepatotoxicity. The frequency of hepatotoxicity was
0.5% to 2.0% in early studies but may have changed with new criteria for diagnosis
and patient selection.

Objective To determine the rate of isoniazid hepatotoxicity in patients managed ac-
cording to current guidelines and practice standards.

Design Prospective cohort study.

Setting A public health clinic operated by the TB control program of a city-county
public health agency.

Patients A total of 11 141 consecutive patients who started a regimen of isoniazid
preventive therapy for latent TB infection from January 1989 through December 1995.

Main Outcome Measures The rate of developing symptoms and signs of hepa-
totoxicity among all persons starting isoniazid preventive therapy, among all those com-
pleting therapy, and by age, sex, and race.

Results Eleven patients (0.10% of those starting, and 0.15% of those completing
treatment) had hepatotoxic reactions to isoniazid during preventive treatment. The
rate of hepatotoxicity in persons receiving preventive therapy increased with
increasing age (x2 for linear trend = 5.22, P = .02) and there were trends toward
increased rates in women (odds ratio [OR], 3.30; 95% confidence interval [CI],
0.87-12.45; x2 = 3.28; P = .07) and in whites (OR, 2.60; 95% CI, 0.75-8.95;
x2= 3.08; P = .08).

Conclusions The rate of isoniazid hepatotoxicity during clinically monitored pre-
ventive therapy was lower than has been reported previously. Clinicians should have
greater confidence in the safety of isoniazid preventive therapy.
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mine the rate of clinically relevant hepa-
totoxicity in a diverse group of patients
who received isoniazid preventive
therapy at 1 public health TB clinic over
an extended period. For comparison pur-
poses, hepatotoxicity associated with
multiple-drug therapy for active TB was
determined simultaneously.

METHODS
From January 1989 through December
1995, a prospective evaluation of isonia-
zid hepatotoxicity in patients at the Seattle-
King County Department of Public Health
Tuberculosis Clinic was undertaken. Pa-
tients receiving isoniazid in single- and
multiple-drug regimens were instructed
initially and at monthly appointments for
drug refill about the signs and symp-
toms of hepatotoxicity. At those appoint-
ments, interviews were conducted by
members of the clinic’s nursing staff fol-
lowing a standardized written protocol
that was used throughout the study. Ac-
cording to the protocol, all drug therapy
was to be stopped by the patient imme-
diately if the signs and/or symptoms of
hepatotoxicity appeared; any signs and/or
symptoms were then to be reported by
telephone to clinic staff. All suspected
cases of hepatotoxicity uncovered through
standardized interviews with nursing staff
or reported by patients between inter-
views were referred to 1 of the 2 authors
who supervised a clinical and laboratory
evaluation as described below. Prior to
January 1992, C.M.N. performed all
evaluations; after that date, S.V.G. per-
formed most evaluations in consultation
with C.M.N.

Three criteria for isoniazid hepatotox-
icity were used, all of which were evalu-
ated in each patient referred with symp-
toms of hepatotoxicity, and all were re-
quired for a classification of isoniazid
hepatotoxicity: (1) symptoms of hepatitis
(theprogressiveonsetof anorexia,nausea,
vomiting,andjaundice); (2) laboratoryevi-
dence of hepatic dysfunction, defined as
a serum level of aspartate aminotransfer-
ase (AST) elevated over the normal level
by at least 5 times with or without eleva-
tionof serumbilirubin level; (3) resolution
of the signs and symptoms of hepatotox-
icityafterwithdrawalof isoniazidandade-

cision not to resume isoniazid treatment
aftertheepisodeofhepatotoxicityresolved.
All patients with hepatotoxicity also had
serological testing for hepatitis A, hepati-
tis B, and (since February 1991) hepatitis
C, and a clinical evaluation and appropri-
ate laboratorytesting forotherdisease-and
drug-relatedcausesofhepaticdysfunction,
to identify associated cofactors for hepa-
totoxicity.

Rates of hepatotoxicity were derived
by comparing the number of cases of
hepatotoxicity from the 1989 through
1995 register with the total number of
patients who began treatment with iso-
niazid alone or in multiple-drug regi-
mens during that time. The latter data
were obtained from a computer-based
administrative registry of clients, which
has been maintained by the clinic since
1986. That database contains demo-
graphic information on clients, their TB
classification, and the types of services
that they received, including drug regi-
mens, while attending the clinic.

Rates of hepatotoxicity were deter-
mined for persons beginning therapy,
and also for the number who completed
therapy with isoniazid in single- and mul-
tiple-drug regimens. Denominator data
for persons completing therapy were ad-
justed from the original denominator
figures based on the clinic’s perfor-
mance statistics during the period of
study: for persons receiving preventive
therapy, 64% of those who began treat-
ment completed it; for patients receiv-
ing multiple-drug therapy, 84% com-
pleted therapy (data on file, Tuberculosis
Control Program, Seattle-King County
Department of Public Health).

Rates of hepatotoxicity due to isonia-
zid were also calculated for several sub-
groups of the cohort that received pre-
ventive therapy (males vs females;
nonwhites vs whites; and patients aged
0-14 years vs those aged 15-34 years,
35-64 years, and $65 years). As comple-
tion rates of preventive therapy were not
available for those subdivisions of the
cohort, rates were expressed only as
number of cases of hepatotoxicity as a
function of numbers of persons starting
treatment. Comparisons of rates were
done by means of the x2 statistic, using

Epi Info, version 6.04A (Centers for Dis-
ease Control and Prevention, Atlanta,
Ga). For the comparison of rates in the
4 age groups, the x2 test for linear trend
was used. Finally, logistic regression odds
ratios of hepatotoxicity were deter-
mined with sex, age group (0-34 years,
35-64 years, and $65 years), and race
(white and nonwhite) included to simul-
taneously adjust for all 3 factors in the
model (Statistical Package for the Social
Sciences [SPSS], version 7.0, Chicago,
Ill). Statistical significance of the multi-
variate model was measured by 95% con-
fidence intervals, which were considered
significant if exclusive of unity, and con-
firmed with score tests.

RESULTS
During the 7-year study period, 11 pa-
tients experienced hepatotoxic reac-
tions while receiving isoniazid (TABLE 1).
The median age was 34 years (range,
27-67 years). Eight (73%) were female.
The median interval between initiation
of treatment and diagnosis of hepato-
toxicity was 9 weeks (range, 19 days to
5 months), but 10 (91%) of the 11 epi-
sodes of hepatotoxicity occurred within
3 months of starting therapy. All 11 pa-
tients had highly elevated serum levels
of hepatocellular enzymes and 9 (82%)
of the 11 patients were hyperbilirubin-
emic. Two patients were taking acetami-
nophen and 2 were taking ibuprofen at
the time isoniazid hepatotoxicity was di-
agnosed. Only 1 patient (9.1%, case 6,
Table 1) was hospitalized because of
hepatotoxicity. All 11 patients with hepa-
totoxicity recovered without sequelae.

Fifteen persons experienced epi-
sodes of hepatotoxicity while receiving
multiple-drug therapy for active TB. All
15 were receiving isoniazid and ri-
fampin, 12 were receiving pyrazinamide,
and 8 were receiving ethambutol. Nine
(60%) were female; the age range was 15
to 78 years (median age, 41 years); the
range of peak AST levels was 299 to 2250
U/L (median AST level, 825 U/L). Sev-
eral patients had associated illnesses and
cofactors for hepatotoxicity. Three had
human immunodeficiency virus (HIV)
infection; 2 had hepatitis B infection; and
1 patient was an active intravenous drug
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user of heroin and cocaine. Two pa-
tients were receiving acetaminophen.

One patient among those receiving
multiple-drug therapy died due to hepa-
totoxicity: a 24-year-old woman who ex-
perienced fulminant hepatitis B infection
while receiving isoniazid, rifampin, and
pyrazinamide therapy for active TB. Two
patients who were receiving multiple an-
titubercular drugs experienced hepatic
dysfunctionduetoothercauses.A31-year-
old woman took an intentional acetami-
nophenoverdosageduringthefifthmonth
oftreatmentwithisoniazid,rifampin,pyra-
zinamide, and streptomycin. A 21-year-
old black man receiving isoniazid, ri-
fampin, pyrazinamide, and ethambutol
had hepatic dysfunction due to graft-
versus-host disease following bone mar-
row transplantation.

Toverifyourcaseascertainment,were-
vieweddata fromtheComprehensiveHos-
pitalAbstractReportingSystem(CHARS),
which is maintained by the Washington
State Office of Hospital and Patient Dis-

chargeServices,WashingtonDepartment
ofHealth.Forthestudyperiod,wesearched
theCHARSdatabaseforallresidentsofKing
County who received hospital discharge
codesforhepatitis(code573)andwhowere
encodedas receivingantibiotics in thecat-
egories that included isoniazid (E931.8)
or rifampin(E930.6)orboth.Five records
were reclaimed,ofwhich3couldbe iden-
tified as cases in the study cohort. The 2
patients who could not be identified were
a 70-year-old man, hospitalized in 1991
with pulmonary TB, toxic hepatitis, and
codedforantibioticsthat includedbothiso-
niazid and rifampin, and a 32-year-old
woman hospitalized in 1995 with toxic
hepatitis and the code for antibiotics that
included isoniazid.

During the 7-year study period, 11 141
patients started isoniazid preventive
therapy and 1427 started treatment for
active TB. The rates of hepatotoxicity
among patients starting and those com-
pleting therapy for active TB were far
greater than those in patients receiving

isoniazid preventive therapy (TABLE 2).
When age, sex, and race/ethnicity were
analyzed in a logistic regression model,
hepatotoxicity was associated with in-
creasing age, and there were trends to-
ward increased rates in women and
whites (TABLE 3).

COMMENT
Our study shows that with the use of cur-
rent guidelines for selectionofpatients for
treatment, and with the application of a
monitoringprocessbasedonpatient edu-
cation and monthly clinical evaluations,
clinicallyrelevanthepatotoxicityassociated
withisoniazidpreventivetherapyoccurred
at a very low frequency. Only 11 episodes
ofhepatotoxicitywereencounteredamong
the 11 141 persons who started isoniazid
treatment during the 7-year study period.
Hospitalizationwasrequiredforonly1pa-
tient, and there were no fatalities.

Our finding of approximately 1 case
of hepatotoxicity per 1000 persons start-
ing preventive therapy (and just over 1
case per 1000 persons completing pre-
ventive therapy), with no fatalities, is con-
siderably lower than the frequency of
hepatotoxicity recorded in earlier stud-
ies. For example, in the widely quoted
US Public Health Service study,6 92 cases
of probable hepatitis, with 8 fatalities, oc-
curred among 13 838 persons receiving
isoniazid chemoprophylaxis, an ad-
justed rate of 10.3 cases per 1000 treated
patients. A meta-analysis that reviewed
6 studies of isoniazid preventive therapy
published from 1965 through 198418 re-
ported a summary rate of clinical hepa-
titis of 0.6% (6 per 1000 patients), sev-
eral times the rate of hepatotoxicity
reported in our study.

There are at least 2 reasons to explain
why we encountered a lower rate of iso-
niazid hepatotoxicity than was noted in
earlier studies. First, we used current
guidelines for isoniazid treatment pre-
pared by the Centers for Disease Con-
trol and Prevention and the American
Thoracic Society.12 Those guidelines,
which are based in part on data from the
early studies indicating that the risk of
hepatotoxicity increased with age, rec-
ommend excluding patients over the
age of 35 years from isoniazid therapy,

Table 1. Hepatotoxicity Due to Isoniazid in Patients Receiving Preventive Treatment of
Latent Tuberculosis Infection, Seattle-King County Health Department Tuberculosis Clinic,
1989-1995

Case
No. Sex Race Age, y

Date
Treatment

Started
Date of

Hepatotoxicity

Peak AST,
U/L/Bilirubin,

µmol/L (mg/dL)*
Other
Drugs

1 Female White 55 5/8/89 7/20/89 1035/73.5 (4.3) . . .

2 Male White 34 2/15/91 4/3/91 1030/78.6 (4.6) . . .

3 Male Asian 29 3/23/92 6/18/92 399/20.5 (1.2) . . .

4 Female Asian 40 6/14/93 11/9/93 303/10.2 (0.6) Acetaminophen

5 Female Asian 33 10/13/93 11/1/93 1023/97.5 (5.7) . . .

6 Female Asian 27 12/27/93 3/1/94 844/80.4 (4.7) Ibuprofen

7 Female White 57 3/17/94 4/14/94 456/8.5 (0.5) . . .

8 Female Black 28 3/29/94 6/20/94 1068/119.7 (7.0) . . .

9 Female White 59 8/12/94 10/2/94 1050/181.3 (10.6) Acetaminophen

10 Female Black 29 12/8/94 3/11/95 1160/63.3 (3.7) . . .

11 Male Asian 67 5/5/95 7/11/95 610/47.9 (2.8) Ibuprofen

*AST indicates aspartate aminotransferase.

Table 2. Rate of Hepatotoxicity in Persons Receiving Isoniazid Preventive Therapy and
Treatment for Active Tuberculosis, 1989-1995

Cases of
Hepatotoxicity, No.

Rate of Hepatotoxicity, %

Persons Starting
Therapy

Persons Completing
Therapy*

Isoniazid preventive therapy
(n = 11 141)†

11 0.10‡ 0.15‡

Treatment for active tuberculosis
(n = 1427)†

15 1.05‡ 1.25‡

*Denominators for rate determinations: 11 141 3 0.64 and 1427 3 0.84 (see “Methods” section).
†Number of persons starting therapy.
‡P,.001.
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except in cases of extreme risk of pro-
gression of the latent infection to clini-
cal disease. Thus, only 20% of patients
who received isoniazid in the current
study were aged 35 years and older, while
59% of patients in the US Public Health
Study6 were in that age group.

Second, it is possible that the type of
monitoring we used, designed to detect
only clinically relevant hepatotoxicity, not
asymptomatic elevations in serum trans-
aminase enzyme levels, accounted for the
lower rate of hepatotoxicity that we ob-
served. Routine biochemical testing would
probably have resulted in a greater find-
ing of hepatic dysfunction. For example,
1 prospective study of risk factors for iso-
niazid-induced liver dysfunction re-
ported that among 101 treated patients,
the rate of liver dysfunction as measured
biochemically was more than 6 times
greater than the rate of clinical hepati-
tis.19 Had we routinely monitored AST lev-
els during treatment in our patients, and
had the rate of enzyme elevations been 6
times that of clinical hepatotoxicity, the
net effect would have been an addition of
60 cases to the 10 that occurred and an
increase in the rate of hepatotoxicity from
approximately 1 per 1000 to approxi-
mately 6 per 1000 patients treated, a rate
in the range of other studies.

Clinicalmonitoring for isoniazidhepa-
totoxicity is based on educating patients
about thesymptomsofhepatotoxicityand
instructing themto stop treatment imme-
diately if such symptoms occur and to re-
port to the clinic for biochemical confir-
mation. Clinical monitoring, rather than
routine biochemical monitoring, is used
by many public health TB clinics, accord-
ing to a recent survey by Leff and Leff.20

This suggests a high level of confidence
in the safety of isoniazid on the part of the
medical sector that has the most experi-
ence with the drug. In view of this infor-
mation, Leff and Leff20 have called for the
establishment of new recommendations
for TB drug toxicity monitoring “that are
congruent with established therapeutic/
toxicity relationships.”

It is alsopossible thatourobserved rate
of hepatotoxicity was low because we
missedcases thatoccurred inpersonswho
received isoniazid but were lost to follow-
up. Thirty-five percent of patients did not
complete their courses of preventive
therapy, and it is conceivable that a pa-
tient receiving isoniazid from our clinic
becameillwithhepatotoxicity, soughtcare
for that illness elsewhere, andescapedour
routine attempts at follow-up. To address
that weakness in our study we reviewed
the CHARS hospital discharge database

anduncoveredonly1patienthospitalized
in King County during the 7-year study
periodwhocouldpossiblyhavebeensuch
a lost case.Thus, it seemsunlikely thatun-
detectedcasesofhepatotoxicityoccurring
after loss to follow-up accounted for the
lower observed rate.

Even though the current study found
that isoniazidhepatotoxicityoccurred less
frequently, there were consistencies be-
tween this and previous studies. We ob-
served an increasing risk of hepatotoxic-
ityassociatedwith increasingageandveri-
fied its greater frequency in women than
in men (Table 3), as have previous stud-
ies.6,7,17,21,22 The borderline association of
isoniazid hepatotoxicity with white race
was surprising, as previous studies have
suggested an increased risk in black and
Hispanic women.14,17,21,22 Those studies,
however,werenotpopulation-based.Had
only our cases of hepatotoxicity been
evaluated, a similar pattern would have
been observed, with a minority (4/11
[36%])occurring inwhites (Table1).This
indicates the importance of determining
the total numbers of patients receiving
treatment in assessing the risk of adverse
drugeffects.Wemustpointout,however,
that as our findings were based on a small
numberofcasesofhepatotoxicity(n = 11),
an increaseordecreaseof1or2diagnoses

Table 3. Sex-, Age-, and Race/Ethnicity-Specific Rates of Hepatotoxicity in Persons Receiving Isoniazid Preventive Therapy, 1989-1995

Cases of
Hepatotoxicity, No.

Rate of Hepatotoxicity (Cases per 1000
Persons Starting Therapy)

x2

(P Value)
Adjusted Odds Ratio

(95% Confidence Interval)

Total cohort (N = 11 141)* 11 1.0 . . . . . .

Sex
Males (n = 6066) 3 0.5

3.28 (.07)
1.0 (Reference)

Females (n = 5075) 8 1.6 3.30 (0.87-12.45)

Patient age, y
0-14 (n = 1468) 0 . . . . . .

15-34 (n = 7449) 6 0.8
5.22 (.02)†

1.0 (Reference)

35-64 (n = 1865) 4 2.1 3.17 (0.94-10.70)

$65 (n = 359) 1 2.8 3.62 (0.43-30.42)

Race/ethnicity
White (n = 1856) 4 2.2

3.08 (.08)
2.60 (0.75-8.95)

Nonwhite (n = 9285)‡ 7 0.8 1.0 (Reference)

Asian (n = 5968) 5 0.8 . . . . . .

Black (n = 1732) 2 1.2 . . . . . .

Hispanic (n = 1050) 0 . . . . . . . . .

Other (n = 535) 0 . . . . . . . . .

*Number of patients starting treatment.
†x2 for linear trend.
‡Number of Asian, black, Hispanic, and “other” patients combined.
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of hepatotoxicity in any category may
have led to different findings.

It nowseems important to confirmthat
the risk of hepatotoxicity of isoniazid un-
der current conditions of clinical public
health practice is less than previously be-
lieved, andweurge further study,particu-
larly by public health clinics, where most
patients receive treatment. Precise toxic-
ity data are key to the successful design of
studies that apply decision analysis tech-
niques to evaluate medical interventions
and to assist in the development of health
policy. Several such studies,2,23-25 which
have strongly influenced national policy
onisoniazidpreventive therapyduringthe
past20years, includeprobabilityestimates
forhepatotoxicity, includingfatalcases,that
are considerably higher than those of cur-
rent studies,13,14 including ours. As an ex-
ampleof the importanceof thesevariables,
Salpeter and colleagues26 recently per-
formedrisk-benefit andcost-effectiveness
analyses thatconcludedthat isoniazidpre-
ventive therapyproducessmall reductions
inmortalityratesandhealthcarecostseven

for low-risk tuberculin reactorsolder than
35years,usingassumptions that included
a low risk of fatal isoniazid hepatotoxicity
drawn from the survey by Salpeter.13

Isoniazid has an importance far be-
yond its role in analytical studies. Pre-
ventive therapy for latent TB infection is
one of the major strategies in the na-
tional plan to eliminate TB from the
United States.27 Among the estimated 25
million foreign-born persons residing in
the United States,28 approximately 1 in
3 who immigrated from areas of the
world where TB is still highly endemic
have latent TB infection as a conse-
quence of exposure to TB prior to ar-
rival in the United States. For such per-
sons, who now constitute the fastest-
rising pool of TB cases in the United
States,28,29 preventive therapy is the only
possible means to lower their 5% to 10%
lifetime risk of active TB. Likewise, iso-
niazid preventive therapy also has been
shown to reduce significantly the highly
elevated risk of TB in persons coin-
fected with HIV and latent TB,30,31 now

numbered at more than 4 million per-
sons worldwide.

If TB in the United States continues to
evolve as a disease that targets foreign-
born persons and those with HIV infec-
tion, it is imperative from a disease con-
trol perspective to be able to use
preventive therapy to its fullest advan-
tage. Isoniazid’s reputation as a hepato-
toxin,5 a burden it has borne since its in-
ception in the 1960s, has hampered
considerably its potential role in the pre-
vention and control of TB in the United
States. Recent studies in HIV-infected per-
sons give some hope that alternative regi-
mens of preventive therapy containing ri-
fampin and pyrazinamide might supplant
isoniazid.31-33 However, until better pre-
ventive therapy regimens are verified, we
must take optimal advantage of cur-
rently available tools to control TB.34 Based
on current information that suggests that
isoniazid is less toxic than was previ-
ously believed, it deserves to be used more
widely for the prevention and control of
TB in the United States.
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